The prevalence and consequences of central sleep apnea (CSA) in adults are not well described. By utilizing the large Veterans Health Administration (VHA) national administrative databases, we sought to determine the incidence, clinical correlates, and impact of CSA on healthcare utilization in Veterans. Analysis of a retrospective cohort of patients with sleep disorders was performed from outpatient visits and inpatient admissions from fiscal years 2006 through 2012. The CSA group, defined by International Classification of Diseases-9, was compared with a comparison group. The number of newly diagnosed CSA cases increased fivefold during this timeframe; however, the prevalence was highly variable depending on the VHA site. The important predictors of CSA were male gender (odds ratio [OR] = 2.31, 95% confidence interval [CI]: 1.94-2.76, p < 0.0001), heart failure (HF) (OR = 1.78, 95% CI: 1.64-1.92, p < 0.0001), atrial fibrillation (OR = 1.83, 95% CI: 1.69-2.00, p < 0.0001), pulmonary hypertension (OR = 1.38, 95% CI:1.19-1.59, p < 0.0001), stroke (OR = 1.65, 95% CI: 1.50-1.82, p < 0.0001), and chronic prescription opioid use (OR = 1.99, 95% CI: 1.87-2.13, p < 0.0001). Veterans with CSA were at an increased risk for hospital admissions related to cardiovascular disorders compared with the comparison group (incidence rate ratio [IRR] = 1.50, 95% CI: 1.16-1.95, p = 0.002). Additionally, the effect of prior HF on future admissions was greater in the CSA group (IRR: 4.78, 95% CI: 3.87-5.91, p < 0.0001) compared with the comparison group (IRR = 3.32, 95% CI: 3.18-3.47, p < 0.0001). Thus, CSA in veterans is associated with cardiovascular disorders, chronic prescription opioid use, and increased admissions related to the comorbid cardiovascular disorders. Furthermore, there is a need for standardization of diagnostics methods across the VHA to accurately diagnose CSA in high-risk populations.
Introduction
A large body of literature elucidates the risk factors and consequences of obstructive sleep apnea (OSA) [1] [2] [3] [4] [5] [6] [7] . However, very little has been reported on the prevalence and consequences of central sleep apnea (CSA) in adults. The prevalence of OSA is estimated to be very high in veterans, up to 60 per cent [8, 9] , in contrast to 4%-9% in the general population [10, 11] . Conversely, CSA, which is characterized by respiratory pauses during sleep due to the absence of respiratory effort [12, 13] , has a high prevalence only in specific populations with heart failure [14, 15] , chronic opioid use [16] , and in older adults [17, 18] . However, the impact of CSA on clinical outcomes has not been studied in large clinical populations. Additionally, the distribution and the clinical correlates of CSA in the veteran population remain unknown [19] . This poses a major gap in the literature, as the scarcity of clinical outcomes data prevents delineation and prioritization of care for patients with CSA.
Thus, we sought to investigate the clinical characteristics of CSA in a large cohort of patients in the Veteran health care system by studying the national Veterans Health Administration (VHA) outpatient and the inpatient administrative databases. Our objectives were as follows: to (1) assess the incidence and prevalence of CSA, (2) determine the comorbid medical conditions associated with CSA, and (3) determine the impact of CSA on healthcare utilization, particularly hospital admissions related to cardiovascular disorders in the veteran population. 
Design
This is a retrospective cohort of patients with sleep disorders. The cohort was defined using VHA Medical SAS Datasets for outpatient visits and inpatient admissions from fiscal years (FY) 2006 through 2012 (VHA fiscal year is from October-September). The outpatient database includes all outpatient visits at the VHA outpatient clinics (hospitals and Community-Based Outpatient Clinics [CBOCs] ). Each outpatient record contains a primary diagnosis, up to nine additional secondary diagnoses, as well as current procedural technology (CPT) procedure codes. All diagnosis codes follow the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coding system [20] . The inpatient database includes all inpatient admissions that occurred at VHA hospitals nationwide. Each inpatient record contains the primary diagnosis and up to 12 additional secondary diagnoses. We also used the inpatient encounters database, which contains records of outpatient encounters that occurred during a hospitalization. In addition to care received at VHA facilities, veterans may be eligible for benefits to receive care at non-VHA facilities. These data are recorded in the VHA Feebasis database and includes diagnosis and procedure codes for both inpatient and outpatient care. Thus, we also included these databases because not all VHA clinics have sleep laboratories (lab) available for sleep testing, and in such cases, patients are referred to the private-sector sleep labs to undergo sleep studies. Given that opioids and sedatives have been associated with sleep-disordered breathing, opioid and sedative medication data from the Decision Support System (DSS), VHA outpatient pharmacy database containing medication name and days supply was also used to track patient medication use. Finally, we used the VHA's Corporate Data Warehouse Vital Signs table to obtain information on patient height and weight.
Cohort
Our cohort included veteran patients with at least one sleeprelated diagnosis from FY2006-FY2012 (Supplementary  Table S1 ). We then divided this cohort into two distinct groups for comparison: (1) patients with CSA and (2) patients with other sleep disorders (comparison group). Additionally, we excluded patients from both cases and controls (comparison group) who did not have a sleep test.
CSA group
Any patient diagnosed with CSA during our study period was included in this group. CSA was defined using outpatient or inpatient diagnosis codes of 327.71, 327.27, or 786.04 (CheyneStokes respiration [CSR] ) [12, 20] . The date of the patient's first CSA diagnosis was used as the index date for all analyses.
Comparison group
The comparison group included all other patients with a sleeprelated diagnosis, inpatient or outpatient, excluding patients who were diagnosed with either CSA or OSA. Thus, our comparison group includes all VA patients who have a sleep-related diagnosis as well as a documented sleep test during our study period who do not have either CSA or OSA. We excluded patients with OSA from the comparison group to minimize potential biases with misdiagnoses or inaccurate coding of OSA as CSA and vice versa. The index date for the comparison group was the date of their first sleep-related diagnosis.
Covariates
Demographics, comorbid medical conditions, sleep tests, and medications were included as covariates in the regression models. All demographics, sleep tests conducted, comorbid medical disorders, and medications are shown in Tables 1 and  2 . Comorbid conditions included hypertension, heart failure, cerebrovascular disease, chronic obstructive pulmonary disease (COPD), diabetes, obesity, asthma, pulmonary hypertension, atrial fibrillation, other arrhythmias, and ischemic heart disease. All comorbid medical conditions were defined as any diagnosis in the year prior to the patient's index date. We also used CPT codes (Supplementary Table S1 ) to assess the presence of polysomnography (PSG) and limited channel sleep tests (home sleep apnea testing, HSAT) to determine how often CSA diagnosis was accompanied by the appropriate testing procedure. We allowed for tests to be within ±1 year of the index sleep diagnosis in order to catch potential miscodings in the sleep lab data.
We included four medication classes: opioids, benzodiazepines, sedatives, and nonbenzodiazepine receptor agonists (NBZ) (Supplementary Table S1 ). For descriptive analyses, we calculated the number of prescription fills in each class during the prior year, as well as the number of fills where the days supply was greater than or equal to 30. For all adjusted analyses, we created a "chronic use" variable for each class that we defined as use of at least three prescription fills for at least 30 days in the prior year.
To estimate the actual prevalence of CSA, we used data from the VHA Support Service Center (VSSC) in order to determine the total number of patients that received care at each site by fiscal year. This was calculated as the number of unique patients at each facility each fiscal year. The number of patients at each site was then summed over all sites to calculate the total number of veterans receiving care at the VHA each FY. Actual prevalence was calculated as the number of CSA-diagnosed patients divided by the number of patients seen at each site as well as VHA wide. Incidence of CSA was calculated as the number of new CSA-diagnosed patients in the given FY divided by the number or patients seen in the VHA during that FY.
Statistical analysis
Descriptive statistics were utilized to describe the cohort characteristics (mean ± SD for continuous variables, frequency, and percentages for categorical variables). t-Tests and chi-square tests were performed to test for differences between the CSA and comparison group. Trends over time for sleep tests and new CSA diagnoses were displayed graphically. We then conducted a series of multivariable models to (1) examine factors associated with CSA diagnosis; (2) compare actual and expected CSA prevalence by site; (3) assess the impact of CSA diagnosis (vs.
comparison group) on the number of cardiac disease-related hospitalizations after the index date. All models were adjusted for age, gender, hypertension, heart failure, ischemic heart disease, cerebrovascular disease (stroke and transient ischemic attack), COPD, diabetes, obesity, asthma, pulmonary hypertension, atrial fibrillation, other arrhythmias, chronic opioid use, chronic benzodiazepine use, and chronic NBZ receptor agonist use. Diagnosis of obesity was used in modeling instead of body mass index (BMI) due to missing data for BMI. Final models contained all factors significantly associated with the outcome. We removed variables where issues of collinearity were present. Collinearity was determined by correlation coefficients and changes in β-coefficient values as additional factors were included in the model.
To evaluate factors associated with CSA diagnosis, we used multilevel logistic regression with random intercepts for each site, which allowed us to account for correlation among patients from the same site. The evaluation of CSA prevalence by site revealed marked differences in the number of CSA diagnoses at each site. To examine the potential causes of this phenomenon, we calculated the expected prevalence of CSA at each site using a logistic regression model to generate predicted probabilities for CSA, which were then summed for each site. In addition to the previously mentioned predictors, we also adjusted for the two types of sleep tests. This model did not account for correlation among patients within the same site as our aim was to estimate the expected prevalence assuming that all sites were the same (i.e. diagnosis Diagnosis of obesity is used in modeling instead of BMI due to missing data for BMI.
patterns did not differ across sites). Graphical procedures were used to display expected versus actual prevalence of CSA by site. Finally, multilevel negative binomial regression was used to determine the impact of CSA on the number of future cardiac disease-related hospitalizations (i.e. admission with a primary diagnosis code of heart failure, ischemic heart disease, arrhythmia, or atrial fibrillation) following the diagnosis of CSA or following the diagnosis of other sleep diagnoses, for the CSA and comparison groups, respectively. Differential follow-up time was accounted for by use of an offset (i.e. regression coefficient set to (1) for the number of days from index to the end of the study period [or death]). The main predictor of interest was CSA (vs. comparison group) and in addition to the previously mentioned health factors, we also examined all pairwise interactions between CSA diagnosis and medical comorbidities. The final model contained all interactions that were statistically significant. All statistical tests were performed using α = 0.05. SAS V9.4 (Cary, NC) and Stata 14/MP (College Station, TX) were utilized for statistical analysis. Sensitivity analyses were performed for both the multilevel logistic regression model with CSA as the outcome and the multilevel negative binomial model using future cardiac disease-related hospitalizations. The results from these models can be found in Supplementary Material. The models were run for the following cohorts of patients: current cohort of patients with OSA-diagnosed patients added back into the comparison group, cohort of patients that did not undergo a sleep test with OSA-diagnosed patients removed from the comparison group, and cohort of patients that did not require a sleep test with patients with OSA added back into the comparison group.
Results

CSA distribution
Our cohort originally included 1,336,873 patients from 130 VAMCs who were diagnosed with a sleep disorder between FY2006 and 2012. Of these, 8500 (0.6%) were also diagnosed with CSA, whereas in the comparison group, 1,328,373 (99%) had a nonsleep apnea sleep disorder. However, only 297,243 (22.2%) of these patients in either group had a sleep study leaving us with 6002 (2.0%) patients diagnosed with CSA and the remaining 291,241 (98%) in the comparison group. In addition, 3849/6002 (64.1%) of CSA group patients also had a diagnosis of OSA either at index date or in the year prior. The results presented below are from patients with documented sleep tests (n = 297,243), whereas results from the original cohort (n = 1,336,873) can be found in Supplementary Tables S4-S7. Baseline characteristics of patients with CSA versus the comparison group are shown in Tables 1 and 2 . Patients diagnosed with CSA were older, were more likely to be diagnosed as "obese," and more likely to be male (p < 0.0001). The patients with CSA were also more likely to have several medical comorbidities. Notably, patients diagnosed with CSA were over three times more likely to have pulmonary hypertension (4.4% vs. 1.3%) and atrial fibrillation (14.6% vs. 4.6%) and nearly three times more likely to have heart failure (23.6% vs. 8.3%) and other arrhythmias (19.2% vs. 7.3%). Compared with the comparison group, patients with CSA were nearly twice as likely to have chronic prescription opioid use (24.6% vs. 12.1%) in the previous year and, on average, had 1.6 more 30 day opioid prescriptions in that year (2.80 vs. 1.18). 
Comorbid health factors associated with CSA diagnosis
We used a multilevel logistic regression model to examine factors associated with a CSA diagnosis (Table 3) . Among the factors studied, two were associated with two times greater risk of CSA diagnosis: male gender (odds ratio [OR] = 2.31, 95% confidence interval [CI]: 1.94-2.76, p < 0.0001) and chronic opioid use (OR = 1.99, 95% CI: 1.87-2.13, p < 0.0001). Several other factors were associated with approximately 1.5 times greater risk of CSA diagnosis: pulmonary hypertension (OR = 1.38, 95% CI: 1.19-1.59, p < 0.0001), atrial fibrillation (OR = 1.83, 95% CI: 1.69-2.00, p < 0.0001), other arrhythmias (OR = 1.49, 95% CI: 1.38-1.82, p < 0.0001), cerebrovascular disease (OR = 1.65, 95% CI: 1.50-1.82, p < 0.0001). Ischemic heart disease, obesity, and age were also associated with increased risk of CSA. Chronic use of benzodiazepine medications was associated with increased risk of CSA diagnosis in unadjusted models (OR = 1.20, 95% CI: 1.11-1.31, p ≤ 0.0001), but due to collinearity with chronic opioids, this relationship reversed and therefore was not included in our final model (Table 3) .
For the reasons noted earlier (see Methods), we also repeated all analyses with patients with a sleep test with the diagnosis of OSA included in the comparison group and found that the results were similar except that the odd ratios for a few of the comorbid factors were somewhat attenuated (pulmonary hypertension and atrial fibrillation) and obesity was no longer a significant predictor (Supplementary Table S2 ).
Actual vs. expected CSA prevalence
The overall prevalence of CSA across all VA sites was 0.096 per cent in FY 2012. There was a statistically significant increase in incidence of the diagnosis of CSA over the 7 years included in this study and the trend for increase over time was significant, p < 0.0001 (Figure 1 ).
The distribution of CSA-diagnosed patients was highly variable across the 130 included VA facilities with a minimum of 0 diagnosed patient and a maximum of 1062 diagnosed patients. Given this unexpected distribution of CSA-diagnosed patients, we calculated a patient-level, factor adjusted expected count of CSA diagnoses for each site via logistic regression. These results revealed a more uniform expected distribution across the sites (minimum = 0.6, maximum = 206). The site with the highest actual CSA diagnosis count (1062 patients) was only expected to have 88 diagnosed patients (8.3% of their actual count).
After accounting for the total number of patients receiving care at each site using the VSSC data, the actual prevalence of CSA across VHA facilities ranged from 0 to 2.5 per cent. Our adjusted analysis resulted in expected prevalence ranging from 0.005 to 0.21 per cent. A comparison of actual prevalence versus the expected prevalence is shown in Figure 2 . In this figure, the gray points represent each site's actual prevalence, whereas the black points represent the expected prevalence. The largest differences are noted on the far right of the figure where the facilities have far greater prevalence of CSA than expected.
Hospital admissions related to cardiac disorders following initial CSA diagnosis
Future admissions due to cardiac disorders (heart failure, ischemic heart disease, arrhythmia, or atrial fibrillation) were observed in 6.6 per cent of all patients evaluated during the study period. However, among CSA-diagnosed patients, admissions due to cardiac disorders increased to 10.6 per cent. CSAdiagnosed patients averaged nearly two times greater number of admissions than the comparison group patients (0.22 vs. 0.12). After adjusting for other health factors (Table 4) , CSA diagnosis remained associated with increased risk of future cardiac disease-related hospitalizations (incidence rate ratio [IRR] = 1.50, 95% CI: 1.16-1.95, p = 0.002). There were three significant interactions with CSA diagnosis: hypertension, heart failure, and atrial fibrillation. All three of these comorbidities were associated with significant increases in future cardiac admissions among the comparison group patients (IRR = 1.57, 95% CI: 1.51-1.64, p < 0.0001; IRR = 3.32, 95% CI: 3.18-3.47, p < 0.0001; IRR = 2.30, 95% CI: 2.18-2.44, p < 0.0001, respectively). Among the patients with CSA, hypertension was no longer significant (IRR = 1.09, 95% CI: 0.83-1.42, p = 0.55), atrial fibrillation was associated with increased risk, but this risk was attenuated (IRR = 1.54, 95% CI: 1.21-1.97, p < 0.0001), and heart failure was associated with even greater risk of future admissions (IRR = 4.78, 95% CI: 3.87-5.91, p < 0.0001). These results indicate that not only is CSA independently associated with future hospital admissions, but it also modifies the risk due to other important comorbidities. Additionally, the presence of concomitant OSA did not increase the risk for future cardiac disease-related admissions among patients with CSA (IRR 0.82, 95% CI: 0.66-1.03, p = 0.09). Finally, all comorbidities in our final model were associated with increased risk of future cardiac disease-related admissions, with male gender, ischemic heart disease, diabetes, pulmonary hypertension, and other arrhythmias associated with at least 1.5 times increased risk of future cardiac admissions (Table 4) . Similar results were also noted when studying effects of CSA diagnosis on hospital admissions in patients who underwent a sleep test but with patients with OSA included in the comparison group (Supplementary Table S3 ). 
Discussion
This study describes for the first time, the distribution, risk factors for and clinical correlates of CSA in the US veteran population. Our review of the national VHA administrative databases revealed that (1) the incidence (new cases) of CSA diagnosis in US veterans increased approximately fivefold over a period of 7 years; (2) there was considerable variability in the prevalence of CSA across different VA medical centers; we speculate that this may be potentially related to variability in diagnostic methodology and in ICD coding; (3) among veterans with sleep disorders who had undergone a sleep test, the important predictors of CSA were heart failure, atrial fibrillation, other arrhythmias, pulmonary hypertension, stroke, and chronic prescription opioid use; and (4) veterans with CSA were at an increased risk for hospital admissions related to cardiac diseases (heart failure, stroke, arrhythmias) compared with patients with non-sleep apnea sleep disorders. (5) Analyses also showed that among patients with CSA, presence of heart failure (HF) was associated with an even higher risk of future admissions compared with patients without CSA.
Prevalence and distribution of CSA in veterans
Although this study relied solely on administrative data in veterans, the results do provide an overall pattern of CSA in the US veteran population. Our findings corroborate large cross-sectional epidemiological studies demonstrating higher prevalence of CSA among men, older adults [17, 18] . However, no prior studies have demonstrated the increasing incidence of CSA in a specific population. We observed that over a period of 7 years, there was an increasing number of new cases of CSA (p < 0.0001). This trend could be related to various reasons, including growing familiarity with the ICD-9 code for CSA which was introduced in 2006, true increase in CSA incidence, and an increase in the number of diagnostic sleep studies (Figure 1 ). There was also a wide variation in the prevalence of CSA diagnosis among the different Veterans Affairs Medical Centers (VAMCs) across the nation. Our model fit to calculate expected prevalence by site showed that even after accounting for important patient characteristics (demographics, comorbidities, sleep tests, medications), the distribution of CSA diagnosis across the VAMCs greatly differed from what was expected. This suggests that there are unobserved differences between the VAMCs that are driving the variation in the diagnosis of CSA. Potential sources of this unexplained variation include differences in the use of diagnostic thresholds, tools, and definitions for CSA and differences in coding patterns. The inaccurate characterization of patients in a VA clinical database has been described in prior studies. For example, it has been previously demonstrated that only half of patients in a VA cohort labeled as having COPD actually had airflow obstruction on spirometry [21] . In contrast, our study cohort only included patients who had a documented sleep study, decreasing the likelihood CSA was diagnosed empirically. Sleep lab diagnostic testing practices need to be reviewed in detail to examine the potential sources of variation in the occurrences of CSA across the different VAMC sleep labs. Only a few VAMC sleep labs in the United States are accredited by the American Academy of Sleep Medicine (AASM). Even in 2012, an inventory of VA sleep medicine programs demonstrated considerable variability in the types of sleep services offered; only 28 per cent of VA sites provided the whole gamut of sleep services, whereas 46 per cent were "intermediate" programs and 17 per cent did not offer any formal sleep services [22] .
Notably, the overall low prevalence of CSA in our cohort compared with a prevalence of 0.4 per cent in a prospective population-based sample [17] may suggest that there is underdiagnosis of CSA in the VHA population. The reason for the overall lower prevalence in this VHA sample cannot be ascertained from our study. The diagnosis of CSA requires the presence of at least five central apneas or central hypopnea events per hour that comprise 50 per cent of all respiratory events for that study night [13] . Thus, a sleep study, preferably an in-lab attended full night or a split night PSG study, is required to make the diagnosis [23] . A technically adequate HSAT [23] can also detect the presence of CSA; however, a HSAT that is negative for CSA does not reliably confirm the absence of CSA. Given that access to in-lab sleep studies has been limited in the VAMCs, it is very likely that CSA may have remained under diagnosed following a negative HSAT. Moreover, the classification of central vs. obstructive hypopneas remains ambiguous even when using standard methodologies [24] and given that most labs do not routinely use an esophageal catheter, the central apnea index is likely underestimated in clinical sleep studies. We speculate that the above reasons may have contributed to the variable and lower estimates of prevalence from the VHA databases. Hence, we recommend the use of uniform definitions and testing methods to enhance the accuracy and detection of CSA in the veteran population.
Comorbid medical disorders and prescription opioid use
Our findings affirm results from prior studies in from smaller clinical populations that have noted increased risk of CSA in the presence of heart failure [14, 25] , atrial fibrillation, other arrhythmias [14] , stroke [26] , and chronic opioid use [16, 27] . Veterans with CSA were obese. Increased risk of CSA among obese individuals may reflect the presence of OSA or heart disease in this group. We also observed that majority (64.1%) of the CSA group patients had comorbid OSA. This corroborates our findings from a previous smaller study from our sleep lab [28] . The presence of concomitant OSA in patients with CSA highlights the pathophysiological link between central and obstructive apnea. Specifically, patients with OSA demonstrate increased propensity to central apnea [29] , which is reversible with the use of nasal CPAP. Thus, increased central apnea propensity may be due to chronic intermittent hypoxia and ensuing increase in chemoreflex sensitivity [29, 30] . Likewise, pharyngeal narrowing or occlusion during episodes of central apnea may be a precursor for OSA [31] . The aforementioned observations may provide a physiological explanation for the benefit of nasal CPAP in treating central apnea in over half of the patients with CSA [28] . However, additional analyses showed largely similar associations with OSA included in the comparison group (Supplementary Material) as well as in the CSA group with CSA and concomitant OSA diagnoses. OSA also did not significantly increase the risk of cardiac-related admissions among patients with CSA (IRR = 0.82, 95% CI: 0.66-1.03, p = 0.09).
The use of chronic prescription opioids for pain [32] and increased mortality related to their use are serious problems in the veteran population [33] . We noted that the percentage of patients chronically using prescription opioid drugs in the CSA population was significantly higher than the comparison group, with 24.6 per cent of patients with CSA found to be chronic opioid users compared with 12.1 per cent in the comparison group. In small retrospective sleep clinic-based studies, CSA was present in 25%-30% of patients on chronic opioids vs. only 5 per cent of patients not on chronic opioids [16] with a dose-dependent relationship between the morphine dose and severity of sleep apnea [27] . Although CSA has been reported even at lower doses of opioid medications with a wide dose range of effect on central apneas [27] , unfortunately, our study did not evaluate the exact prescription opioid doses dispensed to the CSA population and may have underestimated the prevalence of CSA in chronic opioid users due to the lack of recognition and testing. Moreover, due to the cross-sectional nature of the analyses, our study did not evaluate the impact of opioid dose on the risk for developing incident CSA. Conversely, selection bias may lead to overestimation of the prevalence of CSA among chronic opioid users in studies that demonstrated a very high prevalence of CSA. Other differences from other studies may have been in the definition of "chronic opioid" use or the absence of a threshold dose of chronic opioids that may pose as a risk factor for the development of CSA. Future studies need to determine the risk for opioid-induced CSA and the impact of opioid dose on clinical consequences in the veteran population.
Impact on healthcare utilization
Our study also revealed the important novel finding that veterans diagnosed with CSA also experienced increased risk of hospital admissions for cardiac disorders, including heart failure. Notably, although the presence of hypertension was also associated with an increased risk for hospital admissions in our comparison group, there was no additional risk for these patients in the CSA group. Conversely, the risk among heart failure patients appears to be much greater in patients with CSA compared with our comparison patients. This highlights the importance of properly diagnosing CSA as it is not only associated with increased future cardiac disease-related hospital admissions, but it also affects the associations of other important predictors of future admissions. This association cannot be ignored when caring for these high-risk patients. While a prior study reported an increased rate for heart failure-related readmissions in veterans with OSA, it had excluded patients with CSA [34] . Our data suggest that although CSA was associated with increased risk for admissions related to cardiovascular disease, the presence of comorbid OSA in the CSA group did not seem to enhance the risk. Whether these patients with CSA were adequately titrated with positive airway pressure therapy (PAP) for CSA could not be determined from our review of the database. Moreover, whether the increased hospitalization risk is due to untreated CSA per se or whether it indicates the severity of underlying comorbid conditions or both cannot be determined from our database analyses. However, the results identify a high-risk veteran population group that may require heightened awareness of the respiratory effects of chronic heart failure or chronic opioid use and more careful management of the underlying disease conditions. Moreover, patients with cardiac disease and chronic opioid medication use should undergo an in-lab PSG study, if HSAT is negative for CSA. Our study results underscore the need for actively seeking and detecting CSA in high-risk populations. Thus, clinical pathways should incorporate CSA with heart failure as "highrisk" for probability for hospitalizations when designing disease management pathways.
Study limitations
The main strength of this study was the use of a large database that encompasses multiple regions of the country and includes a wide age range with multiple ethnicities and comorbidities. However, the potential limitations related to using administrative data are implicit to the current study results. These include inaccuracies of ICD-9 and CPT coding to make the sleep diagnoses and the absence of sleep tests in large portion of the original cohort. Hence, we narrowed our analyses only to the population that had undergone a sleep test based on the appropriate CPT code. Although diagnoses made using VHA administrative data seem to have good agreement (κ) with actual chart review [35] , studies have also reported inaccurate characterization of patients in a VA clinical database. Moreover, the BMI data had inaccuracies due to missing data. Instead, we used obesity as a diagnosis rather than BMI in our models. Due to the male-predominant population of the VHA databases, the results may or may not be generalizable to the general population. Additionally, due to the cross-sectional nature of the analyses, a causal relationship or the direction of association between CSA and comorbid conditions cannot be determined from this study. There may be potential residual confounding that may be unaccounted for in the regression models. Hence, only potential associations are implied from our analyses. For example, we were only able to identify admissions within the VHA, as the database does not store information regarding hospital admissions not paid for by the VHA. Additionally, we did not have opioid medication dosing information available to us for these analyses, but acknowledge that dose may play an important role in our findings related to opioids. We also did not have access to outside (non-VA) medication data, which could lead us to underestimating the medication use in our cohort. Finally, analyses of administrative databases did not allow us to determine whether the patients had received therapy for CSA or whether they were adherent to PAP or oxygen therapy for CSA or not. However, irrespective of the presence or absence of therapy, CSA appeared to confer an overall increased risk for hospital admissions related to cardiac diseases.
Significance and Relevance to Veteran Care
For the first time, this observational study provides an estimate of the new cases of CSA, and the prevalence and clinical correlates of CSA in a very large national database. Most importantly, our analyses suggest that there is increased healthcare utilization, in terms of increased cardiac disease-related hospitalizations in association with CSA. The wide variability of actual prevalence of CSA between the VA medical sites highlights the need for standardization of in-lab PSGs using AASM-established criteria for the diagnosis of CSA and OSA [13, 23] in patients at high risk for CSA and for cardiovascular disease-related hospitalizations.
Arguably, there is a need for establishing a prospective longitudinal cohort of veterans with sleep apnea that will determine whether there is a causal relationship between CSA and adverse health outcomes, including increased cardiovascular events and mortality and poor quality of life. Future studies should also evaluate whether or not there is effect modification on outcomes and mortality based on adequate PAP adherence or other therapies (e.g. supplemental oxygen) for CSA [28] . We anticipate that our study results will drive the development of risk-stratification models to lessen hospital-admissions in patients with CSA and eventually improve the overall health of veterans suffering from chronic diseases.
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